We analyze the relationship between intelligent manufacturing and export sophistication from the perspective of industrial robots. We use industrial robot panel data from International Federation of Robotics in 70 countries from 1995 to 2016. Our empirical research shows that if a country increases 1% of industrial robots in production process, export sophistication will increase 0.0036%. The result is very robust when we use two kind of proxy variables. And we also find that financial crisis depresses the effect of industrial robots on export sophistication. Our estimates suggest that intelligent manufacturing is a way to realize export upgrading in the background of a new industrial revolution. Countries without producing any industrial robots can import some robots from other countries to increase export sophistication.
Introduction
Export sophistication is a kind of export upgrading. An exporting product with high export sophistication means it is of high technology or quality. Therefore more and more countries strive to increase export sophistication. In the background of a new round of scientific and technological revolution, artificial intelligence (AI) and robots make great progress. Many countries, especially developed countries, take actions to cope with changes of new technologies. They initiate amount of strategic policies, such as Industrial 4.0 of Germany, Strategy for American Leadership in Advanced Manufacturing, New Industrial French Strategy, Made in China 2025 strategy and so on. All of these policies are focused on intelligent manufacturing, which means intelligent technologies are applied to production system. The production processes become more automatic or intelligent.
Nowadays industrial robots are widely used in production process to promote intelligent manufacturing. Figure 1 shows the number of shipment robots in the world from 1993 to 2017 and the data are from International Federation of Robotics (IFR). We can know that units of industrial robots are continuously increased. Industrial robots was increased by 30% to about 3800 thousand units around the world in 2017. But there was a large drop in 2009, because of financial crisis. According to IFR, China has been the biggest market since 2013. In 2017, China installed a share of 36% in the total industrial robots, more than 137 thousand units. Besides China, Japan, the Republic of Korea, the United States and Germany are also other major big markets. Robot density is the number of industrial robots in manufacturing process per 10,000 workers. In 2017, the average robot density in the manufacturing industry was 85 industrial robots per 10,000 employees. The Republic of Korea, Singapore and Germany were top three high robot density countries in 2017. China had 97 industrial robots per 10,000 employees, lower than many developed countries. Vol. 14, No. 12; contributions in our paper. We firstly research the relationship between intelligent manufacturing and export sophistication in the background of a new industrial revolution. We use the data from International Federation of Robotics to analyze the relationship from the perspective of shipment robots in different countries. And we can give another economic effect of intelligent manufacturing apart from other economic effects such as productivity, employment, production cost and so on. This is also a supplement to existing literature.
Methodology

Economic Model
In this paper, following economic model is established. We also add some control variables, which affect export sophistication in the model.
In equation (1), EXPY represents a country's export sophistication. Robot is the quantity of shipment industrial robots in the country. is the percent of import (both goods and services) in GDP. FDI is the percent of inward stock foreign direct investment in GDP. Capital is the share of gross capital in GDP. Age is the percent of population ages 65 and above in total population. Highedu is the tertiary education ratio of total enrollment. We take the log of all the variables. In early years, some countries didn't install any industrial robots, then quantity of shipment industrial robots was zero. If we directly log of quantities, some samples will be missing. Then we take log of quantities with plus one. i represents a country and t represents a year. and respectively mean country effect and year effect.
According to Rodrik (2006) , indicator of export sophistication is constructed. Export sophistication represents the technical content of a country's exports. We measure it through two steps. Firstly, we calculated export sophistication of product k in country i, . In equation (2), the numerator / ∑ is the share of product k in the total export of country i. The denominator ∑ ( / ∑ ) is the sum of the export share of product k for all countries.
is the per capita GDP of country i. Secondly, we calculated export sophistication of country i, . In equation (3), we sum each export sophistication of product k , , with the weights
Data
The data used to measure export sophistication are from BACI database of CEPII. BACI provides bilateral trade data at the HS1992 6-digit product disaggregation for more than 200 countries from 1995 to 2016. The data of industrial robots are from IFR. It provides flow and stock of shipment of robots for 75 countries or regions since 1993. Here we first use the flow of shipment robots in the basic regression and use the stock value in the robustness test. The IFR calculates the multipurpose manipulating industrial of robots, defined by the International Organization for Standardization (ISO: 8373). So we can compare the number of robots across countries. The data of the percent of imports in GDP, the share of gross capital in GDP, the percent of population ages 65 and above in total population and the tertiary education ratio of total enrollment are all from world bank WDI database. The percent of inward stock foreign direct investment in GDP is from United Nations Conference on Trade and Development. For consistency, we use 70 countries and regions from 1995 to 2016 in our sample. Table 1 reports the summary statistics of all variables. Figure 2 is scatter plot of EXPY and Robot and we also add a fitted line in the figure. From the figure, we can know that a positive correlation is between export sophistication and robot. If a country installs more industrial robots, it will get a higher export sophistication. Then its export is more competitive or gets upgraded. 
Robustness Test
We now give further robustness tests to show very similar results in the baseline analysis. Here the robustness checks include two kinds of proxy variables for industrial robot. We firstly use the stock of industrial robots, and then use the import value of industrial robots. Table 3 represents the impact of stock of robots on export sophistication. Column 1-6 add different control variables and fixed effects, which show us a positive relationship between stock of industrial robots and export sophistication. In column 6, if a country's stock number of industrial robots increases 1%, export sophistication will increase 0.0036%. The quantitative magnitude of stock industrial robot is similar to column 6 in table 2. So we can make sure that our result is very plausible and credible. And intelligent manufacturing indeed promotes export sophistication by widely using industrial robots. Note. Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
Industrial robots are technology intensive products. Not all countries produce them. So many countries import robot technology from other countries to increase level of intelligent manufacturing. In this paper, another way of proxy variable is import value of industrial robot. It is defined by six-digit HS code 847950, firstly introduced to HS-1996 classification. Then we can calculate out import value of industrial robots for each country in the 1996-2016 period from UN Comtrade Database. Japan and Germany are the two biggest robot producer in the world (Acemoglu & Restrepo, 2017; 2018b) . A difference between them is that Japan uses domestically produced robots while Germany also use a lot of imported robots. So we only exclude Japan from our sample. Table 4 reports the relationship between import value of industrial robot and export sophistication. We can still get that if a country imports more robots, its export sophistication will increase. A country wants to improve intelligent manufacturing by using imported industrial robots to realize export upgrading. 
4.3Heterogeneous Analysis
From figure 1, we know that the number of industrial robots got a big slide during 2008 financial crisis. Is there a difference in industrial robots effect before and after the financial crisis? To get the result, we decompose the sample into two parts. Table 5 reports the empirical results used flow of industrial robots. Columns 1-2 present the relationship between industrial robots and export sophistication from 1995 to 2008, while column 3-4 present from 2009-2016. From the table, we see that a significantly positive relationship is before financial crisis, while a negative relationship is after financial crisis. In column 4, the negative effect is at 90% significance.
To make the differential effect more credible. We also use the stock of industrial robots in the model. The empirical results are reported in table 6. We can still get that there is a significantly positive effect of robots on export sophistication before financial crisis, while a significantly negative effect after financial crisis. So we conclude that financial crisis can decrease the effect of intelligent manufacturing on export sophistication. Note. Standard errors in parentheses,*** p<0.01, ** p<0.05, * p<0.1.
Conclusion
The research discussed the relationship between intelligent manufacturing and export sophistication from the perspective of industrial robots. Using industrial robots panel data from International Federation of Robotics in 70 countries from 1995 to 2016, we find that intelligent manufacturing by large use of industrial robots can significantly increase a country's export sophistication. If a country increases 1% of industrial robots, export sophistication will increase 0.0036%.The result that we get is very robust for stock of industrial robots and import value of industrial robots. We also find that industrial robots increase export sophistication before financial crisis, while decrease export sophistication after financial crisis.
Countries may increase industrial robot to upgrade its exporting in the new round of scientific and technological revolution. If they produce few robots domestically, they can import some robots to promote export sophistication. Developed countries have advanced robot technology, so they have a high level of intelligent manufacturing. While developing country tend to using import robots to promote intelligent manufacture. So the different countries need to take vary actions to promote the export sophistication in the age of intelligence.
